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Statement of technical details of the capability being described
This paper concentrates on methods and techniques used to the develop
operational scenarios for orbital missions, including development of models to
analyze alternatives, modification of tools and refinement of techniques for
" future missions. Many of these tools and techniques have been derived from
~ previous tools, techniques and experience from the Orbital Maneuvering Vehicle
~(OMV) program. Results from use of these tools show the current Cargo Transfer
" Vehicle nominal mission scenario, with 95 discrete events defined for the CTV
- mission from the NLS Heavy Lift Launch Vehicle(HLLV) to Space Station
_ Freedom(SSF).

History of the origins and evolution of the capability
The capabilities were originally developed for use on the OMV program in
order to assess missions and parameters. The tools and techniques were used to

“define, analyze and refine the sequences of events for the twelve (12) design

reference missions defined for the OMV. In addition, the capabilities proved
valuable in analysis completed for other OMV studies such as "Manrating OMV",
~Shuttle C studies and the OMV/ELV compatibility study.

~ The preliminary orbital mission definition for the Cargo Transfer Vehicle
(CTV) was defined by a NASA/MSFC data package dated May 28, 1991. The on-
orbit missions defined for the CTV are payload deployment and delivery of
payload to Space Station Freedom(SSF). These missions are very similar to some
of the OMV design reference missions mentioned previously. The requirements
for the CTV/SSF mission are stabilization, attitude reference, transfer of a
100,000 1b payload from the NLS Heavy Lift Launch Vehicle (HLLV) to the
Space Station control zone, rendezvous, proximity operations and stabilization for
berthing by the SSF. Alternatives for completion of this mission are described
along with the tools used to complets the tradeoffs. Operational drivers for the
CTV design include the Space Station location(altitude and ascending node),

45



ON-ORBIT OPERATIONAL SCENARIOS, TOOLS AND TECHNIQUES(Page 2)
by Jerry Jennings and Jim Walker

il

History of the origins and evolution of the capability (continued)

mission time, time for phasing to the Space Station, holds near the Space Station,
return phasing coming back to the SSF after a recovery mission, approach to and
interfaces with the SSF, propellant requirements for the nominal and alternative
missions and the resulting power requirements (driven by time and the vehicle
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state). A design reference (worst case) sequence of events has been defined for
requirements development purposes. These sequences are shown on detailed
tables which illustrate use of the tools developed to to quickly assess - =
~ alternatives and summarize mission plans. These tools will be refined and o
expanded for the current CTV/Space Station delivery mission and future CTV
~ mission requirements, - N %
The level of maturity of the capability @ _
~ " The tools and techniques described in this paper were very mature when i
developed for the OMV program. The evolving tools and techniques for the CTV
program are, because of the similarity to OMV mission requirements, very =
mature compared to other NLS program tools and techniques. There will be a a
period of refinement of the tools and techniques as the CTV program continues
to develop. . . =
' -
Test experience and/or experimental results
To illustrate the capabilities described, a comparison of the primary =
|

mission options & para versions of the CTV mission are shown. Techniques for
accomplishing the mission are discussed in detail including how the tools are
used, alternatives developed, requirements for phasing back to the Space
Station after a disposal mission, and the cumulative mission planning effects of
long "holds” currently baselined for the mission. Conclusions are presented which
identify future refinements recommended for these tools and techniques.

]

Source/srponsorshipr and current funding estimates ] =

These tools and techniques were initially developed on the OMV program =
under contract to NASA/MSFC. Refinement is continuing as part of the NLS

Definition Study funded by NASA/MSFC through April, 1992, =

-

-



OF POOR QUAL'TY

|
“ 458 81 vanyey g
pue s /g4 133 5% fexeds p
I (eseds)p Bujiague 0y 0 gse 0 sbryiad
weyy ‘yrieq 44158 proy sy RIeq 240yl o) Sse)3e e
SV Sidwen ¢ [ Z1 grusiippe #8014 Sing YN . )
SO o p e e SepndY| 4 sepnpdu) . | SUivseq JySYy SIHMLn -
sy €1e3) Sitvm :
20 o ey W oz -0NY AOYINI Tvi0) S
“ "uu“.“ e ar e e dem M Batweveplutu bl c6al ) 2601 azeel) . tovi sS4 AY1130 W10}
» e » ave N ] vef
BT “",u.. ._“u.u.." “u‘u. “ . ‘ ! ..n.......n "" YA THY steo oz ts00:21 [ T4 7.7 009z’ rl HI 00 UL @IS4YII Wvy0)
Domes flovvane §oee ] . 4 ] e i "
Domesllovm Jow | o v L v e el ) v/N SAYO ¥ SAVO ¥4 SAVE Fy SAvart SAva 4SS 1V UL avo wn
lows Havom foe ] . ' ] Feve wmers tneef 4 ||
Voom liom foad o M 1 oy =-001¢ 0e00'1€ so:c1 vl e rm H1¥30 04 1188030-3u1)
“..” ““ﬁ “"n. “ . " "..-"...h.....:.n.l... ....n "“ Lo 0Ly o1l10:61 91:01:91 9C:C1 9t eIz e LLF KT 00 NUNQ@ 1198030 40 3L}
e v ool o et L a /N oLzit wes L0:48 to:st e 4SS 1V H1Y3g-Iun)
[ X% ([T S =l e
o “u.n mu R iyt LY. w  [eom¥oririt] o o ° SBnoH 233 3015100 ¢ 0}
i e X ] = b thl -
Towe Hovm fom | o ) v vy 4 el sol S0 w so SunoH ONISYHI M 1-15v0 )
Tvee B wa fo LI T " wn wwoviel @ N L
1oas i wes o v B ol LR ] oz x oct .Jﬂ.oan X oSt )s: ozZ X 00 00Z X 002 00Z X 002 N X LN 11960 ISYHd 7I0NIH
Dows It vy « s ont b ot 00l 10 ——mne
Pows 1§ sene o fe hven siwaten sk 0 ) 0zZ x 0@ ozZ x 00 oz x 09 0oz x ool 00Z X 004 LN X L 11940 SNISYHI' M Y
e 34 Lows i1 srge . » s = )
oot | oo el N HE B odoviasun bR oz x o5 ozzx oc oZT x oc 00Z x of oozxoc | wxuw 11940 Wi1iNg
Al LAl Pooi N wm [ TR Y Py emnemcriin pagy
e orer )00 Pows 0 oo o f me we eoesl ) AINIONIINOD (1676178 (MmImuoz) 0 1676170 18/02/8
: o— “ e "..‘... h o b ——— avolavd MIBHS D |y vy NOISHIA NI siimn H3130vdvy
LI ™ fom W sem . -~ ..n..u..l..ﬂ.uu " #0 1504510 WISV My g mut 5K
“.lt.“..cr "-,5 H we . 1 ll’l.'l-!“ " u
s | o' " -
R ek Low 1 o M M eerbredone L SIAILVNYIL IV MUL "SA D45
bosoun dame fou 1l om Sl ] L emieade B SOIIYNIIS NOISSIH 40 NOSIHYJLIO)
1omut b roe fowr H o ¢ e | wowivermsnde It
d0m § i Twos fass H em e e wunweanis N S
lorw (o Toon Dows I gny s I oo trd e N
loom Jou bor Jesn W we o s o mernee Jtew pvveendd ¢
”-l. “.... “.... “c.tc “- " . “. l!ﬁ- “ a
. . . [}
....u .“u .ﬂu ."..n .“ ".u “ .u Mrem sresomtms ik 8 B (a3} 19001 e Pt egtong 2o mmag o ¥ 10001 j0m v ety Shusameg
Foeg Jusn teaues fJow f g s I em mireyew e 3 e » o0 (Y 'e e [ [ 4 " o L 4 L] P A
Toe des tove Joo M oo " Im svsemnee o N v v v v T v v v v v v ¥ or - v v .oor.ql v v v v v v v P
I1ss fas Ime " 11t [} R P \\ll.lon (oot snsstopens m ¢ 9t) 1%
R LI L T |y o et B
m temt §  tend m ) m -y -.l‘.l-m [l BT — m -y [] mm ) Rl -y 1% M
| LT TY ey Povere | sows ]l Bir | o | B U T "1™ n EE ﬂ oo ‘ 4 - — ot
§ oot | atemens | bomord o 11 eman | Muie frovismsmmineg 1 (] " oy 4 ote~
 meot b weme ) oresenee | 0 =g Irwmnw] |} Siwers messem sesl] [P —— | oe- Jous- “ ﬂ
. U“-lﬂ .- “ oot | om- 22
INIIUIL NOISSIU A LD 10 Abaregds) 3 Sredg “ 1} byl 1. 3§ O
AaQrs 14vh0 wsiar0 {»- /] 1=
swe — SWSAg (0 40ps ) M) M |~
- 9%~ q Joe- M
" = -
b B -—n -Jl!.“ll. op ) el
L ond nige oques e osbots ay 4 -
e 4 ot~ sobung L —rss - ] L X
0% - ae ey Sbpr ot -
A I oy L T [N 12
. . TERTINY 07,
455 o) Bussoyd snoArspuey - .:x.-..: adsy A1) - 4SS ®) 003N — vorssgy juadey A1)

(£ 39Vd) SINDINHIIL ANV S1001 "SOIYVYNIIS TYNOILYHIO 11940-NO

| o ) i Iy [
) I ) | ) N |
) ) ) ) J



